remarkable structure only exists in the Acipenseroids ; it is not found m /n th !fS e la c h ia n s the " placoid " plates or spines are not brought under the influence of th e chondrocranium , which has n eith er parosteal plates applied as splints to it, nor ectosteal plates grafted upon it. F j n A ci'penserthere are both parostoses applied to the oral apparatus, and ectosteal centres in the post-m andibular a rc h e s; moreover, along the side of the skull, in old individuals, plates of bone appear as these splints or parostoses, th a t are m anifestly th e forerunners of the deeper plates that, in the h igher Ganoids and the Teleostei, form the proper ectosteal bony centres of the more or less ossified cranial box.
III. " On the Estim ation of the A m ylolytic and Proteolytic
The degree of activity possessed by preparations of the soluble ferments cannot be ascertained by direct w eighing and m easuring. The agents to which they owe th e ir pow er have in no case been obtained in a state of isolation and purity. These agents are know n to be indissolubly united w ith some form of albuminoid m atter, and we are constrained to speak of them as if they really were album inoid bodies. B ut their mode of action suggests an affinity w ith the im ponderable forces, and points to th e conclusion th a t the relation which these agents bear to tb eir organic substratum is analogous, or at least comparable, to tbe relation subsisting between a mass of protoplasm and the vital endowments w ith which it stands possessed.
The activity of preparations of the soluble ferments can only be gauged by their capacity for work. B ut inasmuch as there is in them no power of grow th and m ultiplication, the am ount of energy with which they are endowed is strictly limited, so th a t when the capacity for work existing in a given liquid or solid preparation of one of these ferm ents has been ascertained, and bas been pu t into due expression, the am ount of energy in a certain quantity of the preparation can be counted in gram s or cubic centim etres like th at of any other chemical agent.
The term ferm ent has, up to this time, been applied in common two groups of agents, which, although nearly allied both in their origin and in their mode of action, belong to essentially distinct categories. The organised or form ed ferm ents, of which yeast is the type, are independent organism s with powers of growth and rep roduction; and the transform ations which constitute their special characteristics as ferm ents are inseparably associated w ith the n u tri tive operations of these organisms. The ferm ent-power cannot be separated from the ferm ent-organism by any m ethod of filtration, nor by any solvent. The soluble ferm ents, on the other hand, pass freely into solution in w ater-th e ir action is dissociated from the life of the gland-cells which produced them -and they are wholly devoid of the power of grow th and reproduction.
K uhne has proposed to distinguish the group of soluble ferm ents by the name of " enzyms." I would suggest the desirability of adopting this term into English, w ith a slight change of orthography, as enzymes, and also of coining from this root the cognate words which are requisite for clear and concise description. The action of an enzyme may be designated e n z y m o s i sa nd the natu m ay be spoken of as enzymic. In the present paper I shall venture to employ these term s in the sense here indicated.
1 he pancreas is known to be the source of two ferm ents or enzymes, of capital importance in the digestion of food, namely, an amylolytic enzyme, pancreatic diastase, and a proteolytic enzyme, trypsin. I t is also known th a t the pancreas takes an im portant share in the diges tion of fats, but it is doubtful w hether its power in this respect is due to an enzyme or to an agency of a different character. The present paper concerns itself solely w ith the amylolytic and the proteolytic functions of the pancreas. starch mucilage. It should be used fresh, for it is apt to change in a few days, and to lose its opalescent appearance, and slight muculagi nous consistency. When thus changed it is found to contain sugar. So long as it maintains its slight opalescence and slight mucilaeinous character it is fit for use.
The iodine solution used in the testing was composed of 1 part of the Liquor lodi of the British Pharmacopoeia, diluted with 200 parts of water.
-4 In determining the data on which is based the method of diastasimetry here proposed, it was necessary to ascertain the mutual relations in regard to the amylolytic process of three factors, namely, the quantity of pancreatic extract set in action, the time required to reach the achromic point, and the temperature at which the enzymosis was carried on.
Quantity and Time.-The amount of amylolytic work given sample of pancreatic extract is strictly proportional to the quantity of it set in action-in other words, the amount of the standard starch mucilage which can be changed to the achromic point in a given time and at a given temperature, varies directly as the quantity of the extract employed. This law of proportionality may probably be regarded as fundamentally applicable to the action of all enzymes, which, having no power of growth or multiplica tion, conform in this respect to the common law which governs the action of ordinary chemical agents. The rule is, however, liable to interference if the products of the enzymosis accumulate in the solu tion to such a degree as to hamper the action. In the conditions observed in the following experiments this interference did not arise. The starch mucilage operated on was exceedingly dilute, and con sequently the sugar and dextrines produced in the transformation never accumulated to such a degree as to check the enzymosis.
In the action of all enzymes the element of time is an essentially important factor. An enzyme liberates its energy gradually, in suc cessive portions, and it takes a comparatively long time to exhaust itself completely. I found that pancreatic diastase, in the presence of excess of starch mucilage, took not less than forty-eight hours to completely exhaust itself at the temperature of 40° C.-( " Lumleian Lectures" for 1880, " On the Digestive Ferments," p. 38).
The fundamental rule which governs the mutual relations of quan tity and time in the action of an enzyme is that of inverse proportion. That is to say, that double the quantity of an enzyme will do a given amount of work in half the time, and that half the quantity will require double the time. This rule, however, is apparently controlled by another rule, namely, that an enzyme liberates its energy at a pro gressively retarded rate. If we conceive an enzyme as a body in a state of tension, charged with a certain amount of dormant energy, "ecan farther conceive that in action it will diwharge this energy gradually, and also at a rate which is continually diminishing. Snch a conception will, I think, enable ns to understand some features m the action of diastase and trypsin which are otherwise difficult to explain.
In regard to the action of pancreatic extract on starch mucilage, the rule of inverse proportion between quantity and time was found to hold good within considerable limits, as the following experiments show
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and Proteolytic Activity o f Pancreatic Extracts. In both sets of observations the inverse time-rate is seen to come out true with almost mathematical accuracy.
When, however, a relatively small quantity of pancreatic extract was employed, and the time required to reach the achromic point was, in consequence, considerably lengthened, it was found that the advent of the achromic point was postponed beyond the term indi cated by the rule. If the period occupied in reaching the achromic point fell within the compass of an hour, and the temperature was low, as in the observation just recorded, the inverse time-rate came out true, but when the period of action extended to several hours and the temperature stood higher, the departure from the rule was un doubted. The annexed table gives the results of an experiment made with a view of testing this point. Experim ents showing the postponement of the achromic point when the action is protracted. The quantity of standard mucilage acted on in each experim ent was 10 cub. centims. diluted w ith w ater up to 100 cub. centims. T em perature 40° C. The " calculated " time in the th ird column was obtained by tak in g the first observation, which was several times repeated, as a standard of comparison. I t need scarcely be said th a t when th e enzymosis is very slow it is not possible to fix the vanishing point of the colour reaction with the same precision as when the action is more rapid and the change more abrupt. N otw ithstanding this source of error, I th in k the conclusion indicated by the experim ents may be relied on. The postponement of th e achromic point shown in the table may be explained, as has been on the assum ption th a t the enzyme liberates its energy at a continually retarded rate. In the case of trypsin, we shall see evidence of a precisely parallel phenomenon.
Temperature. The action of pancreatic diastase on starch mucilage was found to increase in energy (or speed) from zero up to 30° 0. From this point to 45° the rate of action continued steady, showing a range or platform of indifferent tem perature extending from 30° to 45°. Above 45 the action became less and less energetic, and finally ceased between 65 and 70 . The following table exhibits the results obtained at various tem peratures between 5° and 70°. Showing the effects of tem perature on the action of pancreatic diastase ; the am ount of the standard mucilage acted on in each experi m ent was 10 cub. centims. diluted with w ater up to 100 cub. centims. The quantity of pancreatic extract employed in each experiment was 0T cub. centim. These results, thrown into the form of a curve, are shown in the subjoined diagram. The ordinates indicate the diastasic value, or D, as calculated by a method to be presently explained; the abscissae represent the temperatures.
Curve illustrating the effect of temperature on the action of pancreatic diastase.
Mode of proceeding.-In testing the activity of a sample of pan creatic extract, it was found on the whole more convenient to operate on a fixed quantity of the standard mucilage, and to vary the quantity of extract added to it, than to proceed contrariwise. The bulk of liquid operated on was thus kept constant. The ordinary proceeding was as follows: 10 cub. centims. of the standard mucilage were mixed in a beaker with 90 cub. centims. of water. The mixture was then warmed to 40° C., or at least to some point well within the range of indifferent temperature extending from 30° to 45°. This was done in order to eliminate the disturbing influence of temperature. The next step was to add the determined quantity of the extract to betested to the diluted mucilage, and to note the exact time. Then, at short intervals, a drop of the enzymosing liquid was placed on a white slab, or plate, with a drop of the iodine solution. The time and result VOL. XXXII. M of each testing was noted. W hen the achromic point was reached the tim e was m arked, and the interval from the commencement of the experim ent was computed. If a t the end of three m inutes the m ixture still gave the blue reaction of unaltered starch, a new experi m ent was made, using two, three, or four tim es the quantity of extract' If, on the other hand, the achromic point was reached in less than two m inutes, a new experim ent was made, using a smaller quantity of th e extract. Two or three experim ents generally sufficed to determine th e quantity of extract required to bring the achromic point within a period ranging from two to ten m inutes. A final control experiment enabled th e operator to fix the achromic point somewhere between four and six m inutes. The accuracy of the m ethod depends chiefly on the sharpness and precision w ith which the occurrence of the achromic point can be determ ined. I f it occur earlier than two minutes, the tran sitio n is too rapid for exact observation and record. On the other hand, if it occur later than fifteen or tw enty m inutes the transition is too gradual for precise lim itation. The m ost satisfactory results are obtained when the achrom ic point falls between four and six minutes.
The following example will serve as an illustration of the way in which th e experim ents were carried out, noted, and expressed:__ Achromic point reached in 6 minutes.
The resu lt of the experim ent was expressed in the first instance as follows : 0T cub. centim. pancreatic extract + 10 cub. centims. standard m ucilage == 6 m inutes a t 40° C.
From this somewhat incongruous expression it is however easy to extract by a sim ple form ula a correct and convenient expression for the diastasic value of any amylolytic solution.
Mode of Calculating and Expressing the Eiastasic Value.
The principle of the method consists, as already stated, in ascertaining the amount of starch mucilage of known strength which can be trans formed by a unit measure of the diastasic solution to the point at which it ceases to give a colour reaction with iodine, in a unit of time and at a given temperature.
In reducing this principle to a definite formula it was necessary to choose arbitrarily a unit of measure and a unit of time. The unit of measure fixed on was 1 cub. centim., and the unit of time 5 minutes. These selections seemed, on the whole, the best adapted for furnishing a convenient scale. On these bases the formula took the following form: the diastasic value of any solution-or D -is expressed by the number of cubic centimetres of the standard starch mucilage which can be transformed to the achromic point by 1 cub. centim. of the solution -to be tested in a period of five minutes at a given temperature.
In the process of testing the quantity of the standard mucilage was made constant, namely 10 cub. centims., and the quantity of pancreatic extract and the time were made variable. In order to get the value of D the results must be so transformed as to make the quantity of extract and the time constant, and the quantity of the standard mucilage variable. This is accomplished by increasing or reducing the •quantity of pancreatic extract, employed to 1 cub. centim., and in creasing or diminishing the standard mucilage in the same proportion. The product thus obtained is again increased or reduced in the same proportion as is requisite to increase or reduce the time found to five minutes. Taking The pancreatic tissue of the ox and sheep yielded an extract (made in the same proportions) which was of far inferior activity. The ox extract had a diatasic value of about 11 and that of the sheep of about 12. These numbers indicate that in point of diastasic activity thepancreas of the pig has ten times the value of the pancreas of the ox and sheep. This extraordinary difference is probably linked with the diversity of their food. The pig is fed largely upon potatoes and meal, which are rich in starch ; the ox and sheep, on the other hand feed on grass, which is poor in starch. We shall presently find that there is no such difference in regard to tryptic activity in the pancreas of these animals.
Human Saliva.-Filtered saliva was found to have a diastasic value varying from 10 to 17 at 40° 0. Its action was influenced by tempera ture exactly in the same manner as that of pancreatic extract. It increased in energy up to about 30° C., continued steady from this point to about 45 , and then declined, being finally extinguished between 65° and 70°.
Malt Diastase.-Infusions of malt made in the proportion of one part of crushed malt to four parts of water, exhibited a diastasic value of 4 to 5 at 40° 0. But malt diastase did not attain its maximum activity at this temperature. It continued to increase in energy up to about 60° C., when it showed a diastasic value of 10. Above 60° the action diminished in energy, but did not come to a full stop until the tempera ture approached 80° C.
Human Urine.-Several specimens of healthy urine were tested by this method. They showed a diastasic value varying from 0-03 to 0T& at 40° C. The effect of temperature thereon was not examined.
Estimation of the Proteolytic Activity of Pancreatic
The writer had found in previous inquiries that when milk is sub jected to digestion with pancreatic extract, a striking change takes place in it at an early stage of the process. The milk acquires the pro perty of curdling when boiled. The onset of this reaction occurs at an earlier or at a later period according to the activity of the extract and the quantity of it employed; and it is possible to fix the time of its advent with considerable accuracy-sufficient accuracy to serve as the basis of a method of measuring the proteolytic activity of pancreatic The reaction in question depends on the production, as a first step in the pancreatic digestion of casein, of a modified form of that body which I have named metacasein. This substance resembles casein in being curdled by acetic acid in the cold ; but it differs from casein in being also curdled by simple boiling. These two reactions together distinguish metacasein from other proteid bodies.
The property of curdling when boiled, which may be called the metacasein r e a c t i o n , continues observable in milk undergoing tryptic •digestion until near the termination of the process; it then disappears somewhat abruptly, and the milk, when boiled, remains fluid just as it did at first.
We may, therefore, speak of the onset point of the metacasein reaction, ;and of the vanishing point of the metacasein reaction. These two points mark respectively the initial and the terminal limits of the principal phase in the digestion of milk by pancreatic extract.
Before the onset point of the reaction-that is, distinct and un doubted curdling-is actually reached, its approach is indicated by an appearance of soiling of the sides of the test-tube in which the milk has been boiled. This appearance is due to incipient coagulation, which presently developes into pronounced curdling, and is a useful .sign in testing to indicate the coming on of the metacasein reaction.
The following typical experiment may serve to give the reader a dear notion of the succession of events-so far as they concern us here-which occur when milk is submitted to digestion with pan creatic extract. 4 cub. eentims. pancreatic extract added to 50 cub. centims. milk diluted with water to 100 cub. centims. Temp. 18° 0.
.extracts. The length of tim e during which the successive steps of the transfor mation may continue observable depends on the energy of the action and th is> in its tu rn > depends on the activity of the preparation and" the quantity of it added to the m ilk ; it is also greatly influenced by tem perature. By using an excess of an active pancreatic extract, and with a favourable tem perature, all the steps of the process may be crowded almost into an instant of tim e ; w ith converse conditions the action may linger on for m any hours.
A lthough m ilk is a secretion of somewhat variable composition, the oscillations w hich it exhibits, w hen it is the product of a dairy, and is not intentionally adulterated, do not m aterially vitiate it for the purposes of a test fluid such as is here required. The m ilk delivered at my house presented very little variation. I t had a density of 1030 -seldom varying more than a degree from this point-and the results obtained w ith the m ilk of different days showed a rem arkable uni formity. M ilk from different dairies, and a t different seasons of the year, would no doubt present greater irregularities. Milk should,, however, be used fresh, for if it have become slightly acid, as it is apt to do in keeping, th e results obtained are untrustw orthy.
If milk be diluted w ith w ater the occurrence of the metacasein reaction is postponed; and the degree of postponem ent varies w ith the degree of dilution. F or example, if 50 cub. centims of pure milk are changed to the onset point of the metacasein reaction in three minutes, th e same quantity of m ilk diluted w ith an equal volume of w ater will take six m inutes to reach the same point-other conditions being equal. There are, however, several advantages in using diluted m ilk instead of pure m ilk as the experim ental fluid. The inequalities of the m ilk are thereby minimised. The " strike " of the reaction is more sharply defined, and th e required quantity of pancreatic extract can be included in th e w ater of dilution. This last is an im portant advantage, because if the extract to be tested is feeble, a considerable quantity of it requires to be added, and this, if pure m ilk were employed, would seriously alter its degree of dilution, and thereby vitiate the results. In the following experiments, m ilk diluted w ith an equal bulk of water was invariably employed ; and if the quantity of pancreatic extract to be added exceeded 3 cub. centims. for every 50 cub. centims. of milk, this was always included in the w ater of dilution.
In principle the m ethod of trypsim etry here proposed consists in ascertaining how many cubic centimetres of milk can be changed to the onset point of the metacasein reaction, in 5 minutes, by 1 cub. centim. of the extract to be tested, at a given temperature. In settling the data on which the method is based, it was necessary, as in the case of diastase, to determine the relations to tryptic action of quantity, time, and temperature.
. . . ,.,
Quantity and
Time. When the vanishing point of the metacasein reaction was taken as the point of comparison, the results approximated more nearly to the requirements of the rule of inverse proportion, especially at low tem peratures ; but still the evidence pointed in the same direction, and indicated that trypsin, like diastase, exhausts itself in action at a progressively retarded rate. From the num erous experiments which wem performed w ith a view of elucidating this point, I arrived at the con clusion th a t when the onset point of the m etacasein reaction fell between 3 and 6 m inutes the inverse tim e-rate gave a reliable basis of calculation, but not beyond these limits.
Temperature.^Tryptic enzymosis is exceedingly sensitive to tempera ture. The action of trypsin on m ilk increases in energy from zero to 60 C. Above this point there is a rapid fall, and the action is finallv arrested between 75° and 80° 0 . There is not, as w ith diastase, any range or platform of indifferent tem perature. The following table exhibits the degrees of activity from 10° to 80°. In order to obtain the utm ost uniform ity of results, the quantities of pancreatic extract employed were so adjusted as to bring the incidence of the metacasein reaction w ithin a period ranging from 4 to 6 m inutes. Showing the effects of tem perature on tryptic enzymosis. The quantity of m ilk employed in each experim ent was 50 cub centims. diluted w ith w ater up to 100 cub. centims. In the fourth column the degree of tryptic activity, or T, is calculated by a method to be presently explained. In the subjoined diagram these results are throw n into the form of a curve. The ordinates indicate the degrees of tryptic activity (or T), and the abscissae indicate the tem peratures.
In another series of experim ents the effect of tem perature was gauged by the length of tim e required to reach the onset or the vanishing point of the m etacasein reaction when constant quantities of pancreatic extract were used. The results obtained in this series are tabulated in Table V III. In the first set the onset point of the re action was taken as the index of tryptic a c tiv ity ; in the second set *| |
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Curre illustrating the effect of temperature on the tryptic digestion of milk.
the vanishing point of the reaction was em ployed for the same purpose. The results b rought out by these experim ents correspond p retty closely w ith those given in Table V II.   Table V III. Showing th e effect of tem p eratu re by the len g th of tim e required to reach the m etacasein reaction, w hen constant quantities of pancreatic extract are used. Temperature.
Onset point of the metacasein reaction.
Temperature.
Vanishing point of the metacasein reaction.
times as g reat as in those recorded in Set I ; and it is seen th at by using these proportions, the vanishing points and the onset points'fell out in nearly the same times in both sets of experiments.
Mode of Proceeding.-In testing the try p tic activity of a sample of pancreatic extract, the following procedure was ad o p ted :__50 cub centims. of fresh m ilk were diluted w ith 50 cub. centims. of water, less the quantity of ex tract intended to be added. The diluted milk was then warm ed to 40° 0 ., and m aintained exactly a t th a t tem pera ture u n til the close of the experiment. The intended quantity of the pancreatic extract, say 1 cub. centim., was then added, and the time exactly noted. A t th e end of each m inute a portion of the digesting m ilk was w ithdraw n, and boiled for a few seconds in a test-tube, inclining th e test-tube to one side after the boiling in order to observe the effect. The resu lt was at once noted down. As soon as distinct curdling occurred on boiling, the experim ent was considered finished; th e tim e was recorded, and the num ber of m inutes which had elapsed from the commencement of th e experim ent were reckoned. The result came out in the following form :-1 cub. centim . pane, extract + 50 m ilk = 4 m inutes a t 40° C.
If no signs of incipient curdling (soiling of the sides of the testtu b e) occurred w ithin 3 m inutes, a new experim ent was made, using, two, three, or four tim es as m uch pancreatic extract. If, on the other hand, d istin c t curdling occurred in 2 m inutes, or less, a fresh experim ent was made, using h alf or q u arte r the quantity of extract. Three or four such experim ents usually sufficed to enable the operator to fix th e onset point of the reaction somewhere between 4 and 6 m inutes.
Mode of Calculating and Expressing the Tryptic Value.-The object of th e experim ent was to ascertain how many cubic centim etres of milk can be changed to the onset point of the metacasein reaction by 1 cub. centim. of extract in a period of 5 m inutes, a t the tem perature of 40° C. The try p tic value, or T, was calculated from the first expres sion of th e results of an experim ent in exactly the same way as for diastase. If p be made to signify the quantity of pancreatic extract added to th e milk, and m the num ber of m inutes which were required to reach the onset point of the m etacasein reaction, then the value of T was obtained by the following form ula: -p m and tak in g th e experim ent above given the value of T came out as follow s:-T =^_ x^= 6 2 -5 at 40° C. 1 4 In judging the practical value of this m ethod of trypsim etry, one m ust have regard to the inherent difficulty of estim ating the activity of preparations of the proteolytic enzymes. I venture to think th a t we have in this m ethod a m eans of estim ating th e activity of trypsin preparations which is superior in ease and precision to any we possess for the evaluation of pepsin preparations. W h a t may he the lim its of error arising from inequalities in the com position of m ilk I am unable to say, but w ith th e same specimen of m ilk the lim its of error do not certainly exceed 6 to 8 p er cent.
The tryptic value of pancreatic ex tra ct from the pig, m ade on the large scale, was found to range from 40 to 70 a t 40° C. The p an creatic tissue of the ox and sheep yielded an ex tract w hich possessed about the same try p tic activity as th a t of th e pig. E x tracts prepared from single glands presented very considerable variations both m regard to th eir diastasic and th eir try p tic activity. The following table shows the enzymic values of tw elve sam ples of pancreatic extract prepared w ith single glands from four pigs, four oxen, and four sheep, killed for th e m arket. Table IX . 1881.]
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